Toxoplasma gondii is an apicomplexan parasite capable of infecting almost all warm-blooded animals and humans [1, 2] . T. gondii infection could cause diverse diseases in immunocompromised patients and even infant birth defects in pregnant mothers [3, 4] . T. gondii can also lead to abortion and fetal abnormality in livestock, resulting in serious economic losses to the farming industry [5] .
Microneme proteins (MICs) of T. gondii play an important role in T. gondii survival and invasion and thus affect host cell signaling [6, 7] . During the invasion process, MICs participate in binding of T. gondii to the host cell surface, as well as the formation of the bridge with the parasite actinomyosin system [8, 9] . MIC6 is a member of the MIC4-MIC1-MIC6 complex, which mediates host cell recognition and attachment by the parasite [10] , but also it is a key factor of the parasite virulence [11, 12] . Recent studies have demonstrated that different clonal types of T. gondii isolates with diverse geographical distribution could cause different toxoplasmosis in animals and humans [13, 14] . In order to uncover the details of T. gondii genetic diversity, sequence variation in MIC6 gene among 16 T. gondii strains from different hosts and geographical locations and 1 reference isolate was examined in this research.
Sixteen T. gondii strains belong to different genotypes from different hosts and geographical regions were used in this study (Table 1) [15] [16] [17] , and the MIC6 gene sequence of TgME49 strain (ToxoDB: TGME49_218520) was included for sequence analysis. According to MIC6 gene sequence of 3ME49 strain provided by ToxoDB database (http://toxodb. org/toxo/), a pair of specific primers (forward primer, 5'-AT-GAGGCTCTTCCGGTGCT-3'; reverse primer, 5'-TTAATCCCAT-GTTTTGCTATCC-3') was used to amplify MIC6 gene from individual isolate. The amplification reaction was carried out using Ex Taq polymerase (TaKaRa, Kyoto, Japan) according to the manufacturer's recommendations. Amplification was performed in a thermocycler (Biometra, Gottingen, Germany) using the following protocol: denaturation at 94.0°C for 4 min Abstract: Toxoplasma gondii is an opportunistic protozoan parasite that can infect almost all warm-blooded animals including humans with a worldwide distribution. Micronemes play an important role in invasion process of T. gondii, associated with the attachment, motility, and host cell recognition. In this research, sequence diversity in microneme protein 6 (MIC6) gene among 16 T. gondii isolates from different hosts and geographical regions and 1 reference strain was examined. The results showed that the sequence of all the examined T. gondii strains was 1,050 bp in length, and their A + T content was between 45.7% and 46.1%. Sequence analysis presented 33 nucleotide mutation positions (0-1.1%), resulting in 23 amino acid substitutions (0-2.3%) aligned with T. gondii RH strain. Moreover, T. gondii strains representing the 3 classical genotypes (Type I, II, and III) were separated into different clusters based on the locus of MIC6 using phylogenetic analyses by Bayesian inference (BI), maximum parsimony (MP), and maximum likelihood (ML), but T. gondii strains belonging to ToxoDB #9 were separated into different clusters. Our results suggested that MIC6 gene is not a suitable marker for T. gondii population genetic studies.
followed by 35 cycles composing of 94.0˚C for 30 sec, 39.3˚C for 30 sec and 72.0˚C for 1 min, and a final extension step at 72.0˚C for 5 min. The confirmation of PCR amplifications by agarose gel electrophoresis was carried out as previously described [18] . All the MIC6 PCR products were purified (Promega, Madison, Wisconsin, USA), and ligated with pMD18-T vector (TaKaRa) followed by transformed into JM109 competent cells (Promega) according to the manufacturer's recommendations, the positive colonies were identified by PCR, and then sequenced as previously described [18] .
All the obtained MIC6 sequences were aligned using Clustal X 2.11 [19] , and evolutionary analysis was processed by MEGA 5.2 [20] . The intra-specific sequence variation was evaluated by percent of the different bases. Phylogenetic reconstructions of the examined T. gondii strains based on MIC6 gene sequence were performed by 3 inference methods, namely Bayesian inference (BI), maximum parsimony (MP), and maximum likelihood (ML) methods, using Neospora caninum (http://toxodb.org/toxo/: NCLIV_061760) as an out-group. BI analysis was carried out with 4 independent Markov chains run for 200,000 metropolis-coupled MCMC generations, sampling a tree every 100 generations in MrBayes 3.1.1 [21] . Both MP and ML analyses were carried out using PAUP* 4.0b10 [22] . Bootstrap probability (BP) and random addition searches were performed as previously described [23] .
PCR amplification of MIC6 gene from individual T. gondii isolates produced a single band of approximately 1,000 bp in length on agarose gel (not shown). Positive MIC6 transformants of expected length selected by PCR were sequenced from both directions. The length of the obtained MIC6 gene sequences for all the examined strains was 1,050 bp, and their A+T content ranged from 45.7% to 46.1%. Comparison of the obtained 16 MIC6 sequences plus that of the TgME49 strain (ToxoDB: TGME49_218520) revealed nucleotide polymorphisms at 33 nucleotide positions (0-1.1%) (Fig. 1A) , which was similar to that in ROP38 [24] but lower than that in GRA5 [23] and GRA6 [25] . There were 23 amino acid substitutions (0-2.3%) (Fig. 1B) due to the nucleotide mutation (33 mutations) compared with T. gondii RH isolate. 22 transitions (A↔G and C↔T) and 18 transversions (A↔C, A↔T, G↔T and G↔C) were identified among the examined T. gondii strains, and the distance of evolutionary divergence was 0-8.7%, suggesting that the variation rate was low in MIC6 gene among the examined T. gondii isolates. Thus, our data has supported previous studies that MIC6 is a potential vaccine candidate against T. gondii RH [11] and PRU infections [12] .
Phylogenetic reconstruction of the examined T. gondii strains using BI, MP, and ML methods is shown in Fig. 2 . T. gondii strains representing the 3 classical genotypes (Type I, II, and III) were separated into different clusters, but T. gondii strains belonging to ToxoDB #9 were separated into different clusters. This result is similar to that using GRA5 [23] and eIF4A [18] as genetic markers, suggesting that MIC6 gene may not represent a suitable marker for T. gondii population genetic studies. A B
